Introduction
In energy sector, India faces a two-fold challenge. On one hand, there is energy security problem and on the other hand, there is international pressure to reduce the carbon intensity and emission.The future Kyoto commitments might strongly require participation of India. In that probable future scenario renewable energy (RE) can work as a green solution to energy/electricity security problem and saving the requirement of emissions permit due to its zero or negligible emission nature.
India has one of the largestprograms in the world for deploying RE products and the only country in the world to have an exclusive ministry for renewable energy development, viz.
Ministry of New and Renewable Energy (MNRE)
. Currently MNRE is providing quite a number of incentives for capacity building. The tariff rates in certain core technology products have also been reduced (few even to zero) to boost up the import of the intermediate goods. Trade liberalisation in environmental goods (EGs) has been promoted in the current negotiations under the World Trade Organisation (WTO) as it is expected to improve the environmental condition of the importing countries.However, technology availability is not a major issue now-a-days as several developed countries possess them in almost each field. The question is whether the transfer of these technologies to the developing countries is real in the sense that the transfer facilitates building up significant capabilities in developing countries (Kathuria, 2002) . Therefore, this chapter focuses on the 'real' gains of trade in terms of increase in capacity installation by answering the following questions empirically: a) How effective has the product-specific reduction in import tariff been for India in importing technology equipment for RE?
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(The analysis will cover four RE technologies of wind, solar, biomass and small hydro that India is currently focusing on)
India's renewable energy (RE) capacity building and associated technology imports
In spite of the fact that the country has a large potential in RE sector, India faces a vicious circle of underutilisation of capacity -high cost -low demand -underutilisation of capacity (Kathuria, 2002) . It is reflected in the fact that although the electricity generation from the renewable sources is increasing over time, the amount is very small in comparison to its nonrenewable counterparts. To break such a vicious circle both demand-pull and supply/technology-push instruments should be used simultaneously 1 .By studying the gains of increase in installation capacity 
5.2.2.Trade scenario of technological advanced RE intermediate goods
To trace the trade, firstly we need to identify the components of the four RE technologies, namely, solar, wind, small hydro and biomass, for which we took help of the paper Wind (2008) . Appendix 1provides all the important components of the four RE technologies, which
shows that most of the components are sophisticated technology products. However, to identify different tradable RE products at HS-6 digit level we moved beyond Wind (2008) and finally selected 77 core technological products under the four technologies (Appendix 2).
We avoided the support structures and other products which could have multiple uses. The following diagram shows the world trade scenario (import to all countries and export from all countries) of the RE products (both aggregate and technology wise) of India: shows that India is a net importer of RE products, stillif we see individual product wise trade, then there are some products for which India is a net exporter throughout from 1996 through 2010 3 . However for nearly half of the products India is a net importer throughout and moreimportantly these products are the technological advanced products 4 . The technological products are highly priced which results into a trade gap in value terms as shown in the above diagram A.The technological disaggregation of the 77 core products reveals the anomaly among the four technologies.
Diagram A and diagram B looks as if those are the same. It is because, among RE products, the share of wind technology is more than 95% in case of import and 86% for that of export.
In import the remaining shares are 0.2% for small hydro, 2 % for biomass and 2 % for solar.
In case of export the remaining shares are 0.3% for small hydro, 6% for biomass and 7% for : 280461, 382490, 440130, 732190, 840681, 840682, 841181, 841280, 841290, 841381, 841620, 841630, 841690, 841861, 841931, 841950, 841990, 842129, 842139, 847982, 847989, 848210, 848220, 848230, 848250, 848280, 848340, 850131, 850239, 850300, 850440, 850720, 900190, 900290, 901380, 903289, 903290 (product PV India is revealed to be a net exporter in the latest year in our study (i.e. 2010).
Modelling and Methodology
We want to study the importance of a tariff reduction as a determinant of import volume of these special products through 15 years from 1996 to 2010.The trade liberalisation via tariff reduction is expected to increase the flow ofimports. However, it also has the potential to alter the structure of domestic production and thus influence the sensitivity of import demand to income (Akhtar, 1980) RE sector. This kind of small sample has been dealt by Mah (2000) , where he empirically analysed the import demand for information technology (IT) products in Korea and found the effect of tariff reduction on import to be significant.
We have estimated the following panel regression:
Where, is the log of import volume of product in period , is the log of product specific relative price (import price to domestic price), is the log real GDP, is the tariff rate and is the time trend. Since it is not possible to include all possible factors (either due to data unavailability or other constraints) affecting the growth of import volume over the years, it is important to account for the trend growth. Our main concern is the effect of a tariff reduction on imported volume i.e. significance level and the sign of (which is expected to be negative) along with a negative and positive 5 . Now, imports might be used in domestic capacity installation as well as in export processing, thus, these two components are introduced instead of GDP:
Where, is the log of installation capacity of the technology ( wind, small hydro and biomass) in the period . Due to unavailability of installation capacity data for the solar technology for India we have incorporated only three technologies. is the log of export volume with other variables same as equation .
Our next objective is to see whether the imported technological products help in increasing the domestic installation capacity vis-a-vis other domestic government support policies:
Where, is the log of installation capacity, is the log of loan provided by IREDA to the technology (for India this is the only available data on domestic government support policies for RE) in the period . It should be noted that the installation capacity and loan data is technology specific, thus instead of product specific import we took the total import for any particular technology as an explanatory variable to have a parity. is the value of total net import of the technology in the period . Since different products used for a particular technology is measured in different units, thus we collected those in value terms for summing them up using same unit. Also, from our diagrams it is clear that exports havealso increased over the time along with imports, which suggests the use of a net import value (total import-total export) instead of import. We have inserted a time/year to study the effect of the third stage of capacity building, i.e. together also check for the probable causality between import volume and installation capacity, i.e. whether growth of import has caused the growth of installation capacity or whether the growth of installation capacity has invited more import.
We have run all the panel regressionsin STATA 11.
In a panel regressionboth the cross-sectional and the time-series information is being taken care of. While it is possible to use ordinary multiple regression techniques on panel data, they may not be optimal and subject to omitted variable bias. To control for certain biasHausman testisused to choosebetween fixed and random effect models 6 . The Hausman test checks a more efficient model against a less efficient but consistent model to make sure that the more efficient model also gives consistent results.The Hausman test tests the null hypothesis thatthe coefficients estimated by the efficient random effects estimator are the same as the ones estimated by the consistent fixed effects estimator. If theP-value is insignificant andthe probability of chi2is larger than .05 then it is safe to use random effects, otherwise if the P-value is significant fixed effects should be used. For negative chi2 one should also use fixed effect models 7 .
We have estimated the robust coefficients and the results are presented in tables. However, before going to the results, the next section presents the data set.
Data set
We have collected data for our 77 core technology products under four RE technologies for the fifteen years from 1996 through 2010. However there are few missing values and our paneldataset is an unbalanced one.
6 Fixed effects regression is the model to use when you want to control for omitted variables that differ between cases but are constant over time. It is the main technique used for analysis of panel data.Regression with between effects is the model to use when you want to control for omitted variables that change over time but are constant between cases. If there is reason to believe that some omitted variables may be constant over time but vary between cases, and others may be fixed between cases but vary over time, then one can include both types by using random effects. STATA's random-effects estimator is a weighted average of fixed and between effects. 7 Data and Statistical Services, Princeton University http://dss.princeton.edu/online_help/stats_packages/stata/panel.htm
The data on installation capacity and loan is collected from Ministry of New and Renewable Energy (MNRE), both of which were at the technology level.Unfortunately for India no data is available for capacity installation of solar technology. However, data for wind power installed capacity addition, small hydro project capacity addition and biomass power/cogeneration capacity addition (in MW) was available in MNRE.
The import/export volume/value data is collected from UN Commodity Trade (COMTRADE) at the HS-6 digit level. Although the unit of measurement is different for different products, however the unification is done by COMTRADE for convenience.
To deflate the import value (in dollar term) series we used US GDP deflator ( 
Results
The panel data estimations have been done separately for the four technologies. The following Before running panel regression we calculated the correlations among the variables (both at the variable level and their growth rates). For all the three technologies (except solar for which we do not have installation capacity data) we found high positive correlations (more than 90%) between installation capacity and GDP (both at the variable level and their growth rates). This justifies the use of installation capacity instead of GDP. Also, separately in case of wind, we found a high negative correlation between growth rate of GDP and tariff rate (-89%), and high positive correlation between growth rate of export and import (87%). In biomass also we found high positive correlation between growth rate of export and import (87%). In small hydro technology we found both growth rate of capacity installation and GDP to be highly correlated with tariff. In case of solar we found high negative correlation between GDP and tariff rate (both at the variable level and their growth rates). Table 1 and 2reveal that when we control for the time trend, tariff is significant only for solar (that also at 15% significance level) in case of equation , and for small hydro and biomass in case of equation , although the negative sign is found in all the cases. GDP is found to be significant for the small hydro and biomass, whereas for wind and solar we found time trend to be significant. Time trend is significant in both the equations for wind, which implies that import has increased over the time. This was evident from our diagrams also. Only in the case of small hydro we got significant effect of installation capacity that to negative in sign, which implies that as India is building up its own capacity installation, the dependence on its import is reducing. However, in both the equations one variable, which isstatistically significant (at 1% level of significance) in all the cases, is the relative prices (import price to domestic price). The significance of relative prices in all the cases but that of tariff rates in some cases implies that although the fall in import price has resulted into an increase in import, however this fall in price is not exclusively due to a reduction in tariff but also due to some other reasons. There can be fall in the price in the world market, either in all countries or in some particular country for some of its own reasons. In only one case of biomass (in Table 1 ) we got a random effect model to be more suitable, otherwise we got fixed effect model to be more appropriate which implies that the omitted variables are different for different products but constant over time.
In the next table we present the result of equation to check the effect of net import (value) on installation capacity. It should be noted that in the previous case the cross section element was products at HS-6 digit, whereas in the following case thecross section element is technology. Again, before running the panel regression, we checked for the correlation between variables. In value terms we found high correlation between export growth and import growth. This justifies the use of total net import (total import value -total export value)as explanatory variable instead of total import. Empirically, this chapter first studies the effect of a tariff reduction on import, which can be either used for increasing the domestic capacity installation or for export processing. After controlling for the time trend, we found tariff to be significant for solar, small hydro and biomass. In case of wind we found time trend to be significant in both the equations, which implies that import for wind technology has increased over the time (but not due to a tariff reduction). GDP is found to be significant for the small hydro and biomass. Only in the case of small hydro we got significant effect of installation capacity that to negative in sign, which implies that as India is building up its own capacity installation, the dependence on its import is reducing. However, relative prices are statistically significant (at 1% level of significance) in all the cases. The significance of relative prices in all the cases but that of tariff rates in some cases implies that although the fall in import price has resulted into an increase in import, however this fall in price is not exclusively due to a reduction in tariff but also due to some other reasons. There can be fall in the price in the world market, either in all countries or in some particular country for some of its own reasons. This area requires further research.
Secondly, we check the effect of trade (total import-total export) on domestic installation capacity and found effect of net import to be significant for all the three technologies (due to unavailability of the installation capacity data for solar technology, we could check the effect only on wind, small hydro and biomass technology). Apart from import, the significance of loan (only data available as proxy of domestic initiative) and the dummy variable implies that
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In short, our empirical findings are that, the import of the technologically advanced environmental friendly goods has helped to increase the domestic capacity installation;
however the increase in the import can be attributed to a reduction in the domestic import tariff rates for solar, small hydro and biomass but not for wind. However, for all the RE technologies we found that the major reason behind the import growth to be a fall in the world prices of these products. The paper also found a significant effect of the domestic initiatives of MNRE in giving a thrust to the domestic installation capacity building. At the same time, we found high correlation between export volume and import volume which implies a possible re-exports of the products with a probable value addition using the cheap labour of the country. However, since the HS-codes of the imported products and the reexported products do not remain the same in most of the cases, thus an exact pattern of a reexport trade requires further research using more disaggregated data.
